Plant breeding success is dependent, in part, upon the genetic diversity found within genetic resources. The genetic base of wheat (Triticum aestivum L.) cultivars recommended in Nepal is not well characterized. Therefore this study was carried out to quantify the genetic base of Nepalese wheat cultivars by coefficient of parentage (COP). Analysis of pedigree information was based on International Wheat Information System of the International Center for Maize and Wheat Improvement (CIMMYT), which consists of WCOP for calculation of COP and WPDEND for generating Mendelgram with contribution of ancestors to the cultivar if fully expanded. One hundred eighteen ancestors from 23 countries were identified in the pedigree of 24 recommended Nepalese cultivars. Of these, 32 ancestors contributed at least 1% each to the genetic base of Nepalese cultivars, with a total contribution of 79%. Ancestors originating from USA contributed 19.8% of the genes, India 11.2%, Japan 9.5%, Argentina 7.5%, Kenya 7.5% Australia 6.2%, Brazil 5.6%, Canada 5.5%, Italy 4.1% and remaining from other countries. At 30% similarity, 18 clusters were formed with largest cluster of five members. None of Nepalese landraces were traced in the pedigree of these cultivars. Relatively large amount of diversity in Nepalese cultivars exits based on their genetic background although small number of cultivars is recommended for cultivation.
INTRODUCTION
Genetic variation is required in a breeding program to achieve genetic gains. Breeders require information on the magnitude of variation in the genetic material. Originally developed by Wright (1922) , the coefficient of parentage (COP) for two genotypes estimates the expected percentage of alleles identical by descent at loci which are polymorphic within a population, is commonly used measure to assess the genetic composition of cultivars developed through hybridization. The COP between two wheat genotypes is the inbreeding coefficient of their offspring. St. Martin (1982) adapted the COP analysis to inbred crops by assuming that each genotype is completely homozygous, that genotypes without common parentage are unrelated and that parents contribute equally to the offspring, despite inbreeding and selection. Highly selected, qualitative loci would not follow the assumption of random transmission of a large number of alleles. However, in a general sense, a COP is a measure of overall common ancestry of two genotypes and estimates latent genomic diversity that is not obvious until a crop is challenged by the appropriate biotic or abiotic stress. Breeders can use COP to increase genetic diversity by selecting lines for crossing with divergent parentage.
Using COP, one can quantify pattern of relatedness among cultivars, magnitude and importance of genetic drift, and the genetic base for crop breeding. COP has been used to estimate the genetic diversity among cultivars and parental germplasm (St. Martin 1982 , Cowen and Frey 1987 , van Beuningen and Busch 1997 . COP has also been used to predict breeding behavior of the progeny of crosses (Cowen and Frey 1987) , to summarize regional crop diversity , genetic base of cultivars and to identify parents contributing to increased yield (Beer et al 1995) .
CIMMYT software, WCOP calculates the COPs among genotypes. A mainframe version was used to study wheats in the 17 th to 27 th International Spring Wheat Yield Nurseries (ISWYNs) . Pedigree analysis identified genotypes with excellent industrial quality among germplasm that is genetically distant from major gene pools. Long-term trends in genetic diversity were compared using COPs for wheat in the Pakistani, Punjab and in the Yaqui Valley of Mexico . There was no evidence of genetic erosion and patterns in varietal adoption were more important for diversity than varieties released per se. Researchers from India (Jain 1994 ), Canada (Thomas 1996 , USA, Australia (Brennan and Fox 1995) and CIMMYT (Smale and McBride 1996) have used WPMS to examine the genetic base and gene flows in wheat. Landraces from certain regions do not appear in the genealogies of modern wheats. Generally, this seems to indicate that these materials have not been tried in breeding and thus represent novel sources of variation. Braun et al (1992) calculated the genetic variance of entries for grain yield in many environments in the first 19 ISWYNs. The relationship between these parameters and the average COPs for the entries (without distinguishing among sister lines) in individual ISWYNs was investigated (Fox and Skovmand 1996) . The significant correlation suggests that both measures, one from yield data from international trials and the other from genealogical information, support each other and are useful measures of genetic diversity. In Nepal wheat cultivars are recommended for cultivation starting from 1960 (Morrin et al 1992) . The major part of wheat breeding in Nepal is mostly screening of cultivars and lines from India and CIMMYT. Information on size of genetic diversity and genetic base in wheat in Nepal is limited. This study was carried out to assess the diversity on cultivars based on their pedigrees and contribution of ancestors to Nepalese cultivars.
MATERIALS AND METHODS
Twenty-four cultivars among all 35 cultivars recommended for cultivation in Nepal were used in the study (Table 1 ). The cultivars were not included in the study whose pedigree information was incomplete. Two international cultivars; Marquis and Pavon and three South Asian cultivars; Chirya 3, PBW 343 and Kanchan were also used for comparative analysis. All of the pedigree information and analysis were based on International Wheat Information System (IWIS TM , Version 4) (Payne et al 2001) . IWIS consists of WCOP to retrieve parentage information from CIMMYT pedigree management system (Fox and Skovmand, 1996) . Specific Cross Identification (CID) numbers and Selection Identification (SID) numbers were used for all unique cultivars. WCOP use the CID to retrieve from the Pedigree Management System, a pedigree history that traced back to at least grand parents but often to ancestral landraces. WCOP formats the pedigree history into a file and then calls the FORTRAN program RCL to calculate COP values between pair wise combinations. A total of 29 (24 cultivars and 5 additional reference cultivars) were included in the final similarity matrix. The COP matrix of Nepalese recommended cultivars and reference cultivars was used as a similarity matrix for cluster analysis in NTSYS (Rohlf 1990) , with SHAN clustering option using UPGMA method.
The parental contribution of an ancestral genotype to a modern cultivar was determined in following way. Ancestors were defined as founding stocks with no known pedigree. Contribution of an ancestor was defined as the fraction of genes in modern cultivars that could be traced from the progeny of that ancestor through pedigree analysis. COP between ancestors (landraces, treated as unrelated) and Nepalese recommended cultivars were computed from pedigree information using WPDEND (Wheat PMS Dendogram V2.0 CIMMYT 1997). When a genotype is fully expanded (so that all ancestors were landraces ie lines with unknown parentage), Mendelgram were generated using the same software. The Mendelgram presents the theoretical percentage contribution of ancestors to a pedigree assuming equal contribution from both parents in a cross. The average contribution of ancestors to the 24 cultivars under study was determined as average of all coefficients between the ancestors (landraces) and the Nepalese cultivars. Source: CIMMYT 1997, NARC 1997.
RESULTS AND DISCUSSION
The contribution revealed that genetic base of recommended cultivars included in the study was fully defined by 119 ancestors. These ancestors' contribution to the genetic base of wheat were unequal, ranged from 0.0001 to 7.5%. It seems that large numbers of ancestors appear in pedigree of Nepalese wheat cultivars although more than half of the genetic base of Nepalese recommended cultivars constituted by only 14 ancestors (Table 2 ). Pedigree tree of Sonalika has shown how the genes of interest were combined (Figure 1 ). It indicates that efforts have been made in selecting landraces and hybridization. Agriculture Botany Division, NARC has conserved 390 accessions of wheat (Upadhyay and Joshi 2003). However, these landraces were not traced out in breading history of these cultivars. Only 4 cultivars, which were not included in this study, were bred and developed using foreign landraces (Joshi and Mudwari 2003) . Thirtytwo ancestors contributed at least 1% each to the genetic base of Nepalese cultivars. The contributions of these 32, taken together, amount to 79% of the total genetic base of Nepalese wheat cultivars. (Mudwari 1999 , Bhatta et al 2000 , Joshi and Mudwari 2003 . This diversity should be characterized systematically and utilized effectively for long-term food security in the country.
Most of the cultivars released in Nepal are from CIMMYT source, directly or indirectly. COP was estimated with 8 CIMMYT most popular lines/crosses because COP was used by many national programs worldwide (Bayerlee and Moya 1993). The COP values show moderate to high relation with newly released and some old cultivars and it ranges from 0 to 1 (Table 3) . Joshi et al (2004) showed that the most closely related cultivars were Annapurna 3 and 2 and some of the highest dissimilarity was between Kalyansona and HD 1982, and L52 and HD 1982 based on the COP. The origin of most of the ancestors for Nepalese cultivars were from USA (13%), India (13%), France (12%), Argentina (6%), and Italy (6%) ( Table 4) . None of the ancestors were of Nepalese origin. On the basis of contribution, ancestors from USA (19.8%), India (11.2%), Japan (9.5%), Argentina (7.5%), Australia (6.2%), Brazil (5.6%), Canada (5.5%) and Italy (4.1%) constitute approximately 70% of the total contribution. Only two of Japanese ancestors, Akagomughi (7.5%) and Daruma (2.0%) contributed almost ten percent. Cluster analysis was done to group cultivars with similar genealogies (Figure 2) . At 30% similarity level 18 clusters were formed. Cluster 7 was the largest which include Annapurna-2, Kalyansona, Rohini, Results of cluster analysis show weak relatedness among the cultivars forming a large number of clusters of genotypes, often single member cluster at low level of similarity. This shows considerable diversity exists in the recommended cultivars. So, crossing programs aimed to cross two recommended cultivars may be less restricted in selection of parents. The gain may be further widened if the COP values were considered in account. Breeders making cross should consider COP values and selection of parents should be done from distantly related genotypes. For example, Bhrikuti has unique genetic base than other genotypes.
This study show that there is large amount of diversity in Nepalese cultivars based on their genetic background even though relatively smaller number of cultivars is recommended in Nepal. The origin of the diversity is not native one rather due to introduction from time to time. Thus, cultivars recommended in Nepal are internally diverse. That's why, these are adopted to diverse environments of Nepal. Improved wheat cultivars cover more than 93% of total wheat area (Bhatta et al 2000) . Recently, a participatory approach is taken to increase adoption rate (Mudwari et al 2005) . This helps to develop site-specific variety faster and management of existing diversity should be continued
